To compare transvaginal sonography for cervical length measurement and digital examination for Bishop score assessment in women undergoing labor induction at term.
INTRODUCTION
Induction of labor is a common and essential element of contemporary obstetric practice with an incidence of approximately 20 % of pregnancy. (1) Induction of labor is indicated when benefits to the mother or the fetus outweigh those of continuity the pregnancy. (2) Induction include immediate conditions such as ruptured membranes with chorioamnionitis or severe preeclampsia, the more common indication include membrane rupture without labor, gestational hypertension, non-reassuring fetal status, post term pregnancy and various maternal conditions such as chronic hypertension and diabetes mellitus. Several studies have shown that induction compared to expectant management is associated with a substantial reduction in perinatal mortality 2-4 %, However, approximately 20% of women having induction of labor end up having a caesarean delivery. (3) The traditional method of predicting whether an induced labor will result in successful vaginal delivery is based on the preinduction "favorability" of the cervix as assessed by the Bishop score. However, this assessment is subjective and several studies have shown a poor predictive value for the outcome of the induction. (4) Some recent studies have reported that transvaginal sonography ultrasound of the cervix may provide a more sensitive prediction of successful induction, compared to the Bishop score. Hatfield and associations performed a meta-analysis of 20 trials in which cervical length was assessed by transvaginal ultrasonography (TVUS) and used to predict successful induction of labor. Because of study criteria the authors concluded that the questions were still unanswered. (5) The most widely accepted and used is the scoring system described by Bishop in 1964 . A Bishop score of 9 conveys a high likelihood for a successful induction. A Bishop score of 4 or less indicates unfavorable cervix and may be an induction for cervix ripening. (6) The supravaginal portion of the cervix makes up about 50 % of the cervical length and varies from one a woman to another. This portion of the cervix is difficult to estimate digitally. (7) 
PATIENTS AND METHODS
Preinduction cervical assessment was undertaken in 140 nulliparous women who were included in this study at El-Shatby Hospital of Alexandria University. Inclusion criteria were: singleton pregnancy, live fetus in cephalic presentation, absence of labor pain, and undergoing induction of labour at 37 to 42 weeks of gestation for a variety of indications; PROM, pre-eclampsia, diabetes maternal or gravity related, prolonged pregnancy, restricted intra-uterine fetal growth, amniotic fluid problems. Exclusion criteria were: any reason for priming and/or contra-indication for induction of labour: suspicion of fetal distress at admission, previous history of uterine surgery or contra-indications for prostaglandins or vaginal delivery.
TVS done for all studied women in lithotomy position, the vaginal probe inserted under direct visualization, and after the evacuation of the urinary bladder. The amniotic fluid, presenting part, the midline sagittal plane of the cervix localized and the vaginal probe pulled back until the lightest touch provided a good image of the cervical canal with fixation of the internal cervical os in the proximal one-third of the ultrasound image.
The probe then moved slightly to get the best longitudinal axis of the cervix.
The measurement of the CL was accurate when the following criteria fulfilled • Sagittal plane of the cervix that allows imaging the entire length of the cervical canal • Placement of the cervical plane in the middle of the ultrasound screen as horizontal as possible • The absence of excess pressure on the ultrasound probe, cursors placed in precise contact with the closing points of the internal and external cervical os. Vaginal examination done 4 hourly after misoprostol insertion and further tablet might be inserted if uterine contractions were inadequate (maximum six doses).
In established labor with regular uterine contractions (4-5 uterine contractions every 10 min, each contraction lasting for 45-60 s), vaginal examination for assessment the progress of labor done every 4 h.
Intrapartum fetal surveillance done by intrapartum fetal heart monitoring using cardiotocography. After delivery, success (defined as vaginal birth) and duration of labor induction reviewed and statistically analyzed to compare the CL measured by TVS versus modified Bishop's score for prediction of successful labor induction in nulliparous women.
Sample size and statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0.(Armonk, NY: IBM Corp) (8) Qualitative data were described using number and percent. Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level.
RESULTS
One hundred and forty nulliparous women were studied; the mean age of studied women was 23.7 (3.37) years, and the mean gestational age was 38 (1.2) weeks' gestation. Nearly, 84.8% (123/140) of the studied women delivered vaginally, whereas 11.7% (17/140) delivered by caesarean section. ROC curves indicated that the best cut-off of cervical length for predicting successful induction was ≤18 mm (sensitivity 83.74%, specificity 70.59%, positive predictive value 95.4%, negative predictive value 37.5%) and for Bishop score it was a score of > 7 (sensitivity 65.04%, specificity 70.59%, positive predictive value 94.1%, negative predictive value 21.8% ). 
DISCUSSION
Labor induction is one of the most common interventions in obstetric practice. Assessment of cervix has been used as a prediction of the successful vaginal delivery. Labor induction with a low cervical score has been associated with failure of induction, prolonged labor and a high rate of caesarean deliveries. Traditionally, the Bishop's Score has been used to assess the cervix. (9) So, this study was designed to investigate transvaginal Ultrasonographic cervical measurement as a predictor of duration of labor and successful induction resulting in vaginal delivery and also compare the performance of ultrasonographic cervical measurement with that of the Modified Bishop's Score in predicting the outcome of labor induction.
In this study, cervical assessment by transvaginal ultrasonography, particularly the measurement of cervical length, showed a significant predictability for successful labor induction.
However, digital examination has limitations on objectivity and reliability. In addition, the predictive value of the Bishop's Score for successful labor induction has been reported to be poor, especially in cases with low scores.
Digital examination has limitation in assessing the change of the internal os when the external os is closed. The ability of ultrasonography to visualize the internal os can help differentiate the patients with different outcomes in labor induction.
Bishop Score is subjective scoring system; investigators tried to find another way to objectively. Predict the success of labor induction. Ware and Raynor, suggested that cervical shortening by TVUS is equal to cervical effacement detected during vaginal examination. (10) The results of our study agree with the results done by El-Mekkawi et al 2017 that showed cervical canal length by TVUS was significantly more specific with more PPV compared to Bishop score in prediction of successful induction of labor. (11) Whereas El-Mekkawi et al 2017 studied Two hundred and ten nulliparous women; the mean age of studied women was 24.13years, and the mean gestational age was 38 weeks' gestation.
Receiver operator characteristics curve analysis showed that CL <28 mm had 87.5% sensitivity, 86.25% specificity, 61.4% positive predictive value (PPV), and 96.5% negative predictive value (NPV) for successful labor induction, whereas modified Bishop's score >4 had 62.5% sensitivity, 50% specificity, 23% PPV, and 84.2% NPV for prediction of successful labor induction.
While in our study, one hundred and forty nulliparous women were studied; the mean age was 23.7 years, and the mean gestational age was 38.7
week's gestation. ROC curve analysis showed that CL ≤ 18 mm had 83.74% sensitivity, 70.59% specifity, 95.4% PPV, and 37.5% NPV for successful labor induction, whereas modified bishop's score > 7 had 65.04% sensitivity, 70.59% specificity, 94.1% PPV, and 21.8 % NPV for prediction of successful labor induction.
Kanwar SN et al 2015, showed that the measurement of cervical length by transvaginal ultrasonography provides a better prediction of the likelihood of vaginal delivery within 24 hrs of induction. The The AUCs indicated that both cervical length and Bishop score were useful predictors of Cesarean delivery in labor induction (Figure 1) . AUC, sensitivity, positive and negative predictive values as well as accuracy were marginally better with transvaginal sonography than bishop score in predicting success of induction. study was conducted in the Department of Obstetrics and Gynaecology, SMS Medical College, Jaipur on 110 nulliparous women under 35 years old at term. (12) On statistical analysis found that ultrasonographic CL was better predictor of successful labor induction than clinical evaluation of cervix by Bishop's Score with cut off value of Bishop's Score being >6 and of cervical length being <3.5 cm.
Sensitivity and specificity of cervical length being 57.35% and 100% respectively and Sensitivity and specificity of Bishop's Score being 34.43% and 93.88% respectively 55.74% and 100% respectively. In comparison with current study our results was more specific and sensitive because of the cut off value of CL ≤ 28mm and bishop's score > 7 while their cut off value of CL < 35mm and bishop's score > 6.
The result of present study correlates with Panchampreet Kaur et al 2017 who designed a prospective double blinded observational study which included patients undergoing delivery following induction of labour with pharmacological methods in the labour ward at a tertiary care centre in South India for a period of one year. this study conducted on 117 nulliparous women with mean age 25.6 years old and mean gestational age at time of induction was 39.33 week. (13) In the receiver operating characteristic (ROC) curves showed that the best cut-off point for the prediction of successful induction was 3 for the Bishop score with a sensitivity of 69% and a specificity of 75% and that for cervical length was 28 mm with a sensitivity of 73% and a specificity of 81%; which almost resemble the results of our study.
Our result also correlates with Bastani el al 2011 who designed a prospective study on 2oo nullipa-rous women at at Alzahra University Hospital in Tabriz, northwest Iran ; the study showed that cervical length measured by transvaginal ultrasonography has the potential to replace the traditional Bishop score, provided that such a facility is available when needed. (14) The results of current study disagree with Khandelwal et al 2017 study which concluded in The Bishop score was superior in predicting the response to induction as compared to the cervical length measured by transvaginal ultrasonography; whereas the study designed only in 66 nulliparous women and defined the successful induction of labor as achievement of vaginal delivery in 12 hours rather than 24 hours in current study. A Cochrane review did not demonstrate superiority of one method over the other in terms of the main outcomes assessed. While use of TVUS was associated with anincreased need for misoprostol for cervical ripening, both methods could be complementary. (15) (16) studies showed that cervical length and Bishop score combined with cervical length having better predictability (P <0.001) than Bishop score alone, while our study showed that the superiority of TVUS of cervical canal length on Bishop score.
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CONCLUSION
The current study suggests that the measurement of cervical length by transvaginal ultrasonography provides a better prediction of the likelihood of vaginal delivery within 24 hrs of induction. In addition, ultrasonographic cervical assessment has been known as a reproducible, objective and quantitative method and can be performed easily in the setting where the appropriate equipment and expertise are available.
